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(54) BIODEGRADABLE POLYMER COMPOSITION EXCELLENT IN HEAT DECOMPOSABIUTY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a biodegradable polymer composition undergoing a controlled reduction 
in the molecular weight of a biodegradable polymer due to the thermal history in thermoforming and a radiation 
sterilization process. 

SOLUTION: The biodegradable polymer composition is excellent in heat decomposability, having a weight- 
average molecular weight controlled to at most 30% of the initial after being subjected to thermoforming and 
radiation sterilization because of the addition of a free-radical scavenger to a biodegradable polymer. In 
products made by using the biodegradable polymer composition and subjected essentially to a thermoforming 
step and a radiation sterilization process, for example, a suture for a surgical operation and a material for fixing 
a broken bone, various mechanical properties can be well retained because of a controlled reduction in the 
molecular weight so that a great improvement in performance can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The biodegradability polymer constituent hot forming and the 
weight-average-molecular-weight fall after carrying out radappertization excelled 
[ constituent ] in adding a free radical scavenger to a biodegradability polymer at the 
pyrolysis nature controlled by 30% or less of the first stage. 

[Claim 2] The constituent according to claim 1 chosen from the vitamin compound 
group or triallyl isocyanurate which a free radical scavenger becomes from the 
anti-oxidant group which consists of polyphenol, tannin, and a gallic acid, vitamin E t 
and vitamin C. 

[Claim 3] The constituent according to claim 1 manufactured on the conditions which 
are not higher than the melting point of a biodegradability polymer 50 degrees C or 
more. 

[Claim 4] The constituent according to claim 1 with which the dosage of 
radappertization was irradiated and was manufactured in the range of 1.0 to 
3.0Mrad(s). 

[Claim 5] The constituent according to claim 1 whose biodegradability polymer is 
polyglycolic acid, polylactic acid, and poly dioxa non, gelatin, hyaluronic acid, a collagen, 
polyamino acid, the poly caprolactone, a lactic-acid-glycolic-acid copolymer, a 
lactic-acid-caprolactone copolymer, a glycolic-acid-caprolactone copolymer, 
polyhydroxy butyrate, a chitin, albumin, or chitosan. 
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[Detailed Description of the Invention] 
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[0001]' 

[Industrial Application] It is related with the biodegradability polymer constituent hot 
forming and the weight-average-molecular-weight fall after carrying out 
radappertization excelled [ constituent ] in adding a free radical scavenger to a 
biodegradability polymer at the pyrolysis nature controlled by 30% or less of the first 
stage. Here, it hydrolyzes enzyme-wise or nonenzymatic and a biodegradability 
polymer means a macromolecule gentle to the environment where the configuration is 
extinguished, or a living body, after holding a fixed period, a fixed configuration, and a 
function within and without a living body. 
[0002] 

[Description of the Prior Art] There are naturally-ocurring polymers and synthetic 
macromolecule in a biodegradability polymer, and, as for naturally-ocurring polymers, 
most is hydrolyzed with an enzyme. It is decomposed by collagenase although the 
representation is the collagen of a polypeptide. Moreover, there are a cellulose, starch, 
hyaluronic acid, a chitin, chitosan, etc. in the poly glycoside with a glycosidic linkage as 
various polysaccharide. A cellulose receives zymolysis by the cellulase. 
[0003] The natural polyester which a microorganism produces was not applied for a 
longtime, although known as a biodegradability polymer from the 1920s. However, with 
an advance of biotechnology, various copolymers including Polly beta-hydroxy 
butyrate are developed, and it began to inquire as a biodegradability ingredient in 
recent years. 

[0004] On the other hand, although many of composite biodegradability polymers are 
the hydrolysis nature of a non-enzyme mold, polypeptides, such as polyglutamic acid, 
receive hydrolysis by the peptidase like a natural polypeptide. Most synthetic 
polyester of a biodegradability polymer is fatty-acid polyester. It is polyglycolic acid, 
polylactic acid or a glycolic acid / lactic-acid copolymer, and most clinical application 
as current and biomedical materials is carried out. 

[0005] Although the biodegradability polymer is used in various fields as biomedical 
materials, the most is an application as an object for surgery, and there is some they 
by which clinical application is carried out as the suture for an operation or a bone 
bridging, moreover, the film products (a garbage bag, the film for agriculture, 
preservation bag, etc.) which are the mold goods of polylactic acid as biodegradability 
resin disassembled by the microorganism under natural environment — it is further 
developed also as general industrial use ways, such as textiles. 

[0006] On the other hand, since the manufacture approach of the biodegradability 
polymer as the above-mentioned biomedical materials or an industrial ingredient is 
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manufactured by the hot-forming approaches, such as extrusion molding of heating 
melt, injection molding, or press forming, the heat history is not avoided. However, at 
the time of progress of the heat history, generally, since thermal stability is scarce, 
the molecular weight fall after manufacture generates a biodegradability polymer 
inevitably. In addition, since a biodegradability polymer is used as the suture for an 
operation, or a bone bridging unlike a general industrial use way, sterilization actuation 
becomes indispensable. In sterilization operating instructions, since the endurance at 
the time of radiation exposure of a biodegradability polymer is not good, the 
sterilization approach which used ethylene oxide gas is applied. However, in this 
approach, although it is necessary to remove the residual gas after sterilization 
processing since the ethylene oxide gas used for sterilization is living body toxicity, 
and it is drawing in for a long time since it is an escape of gas, it cannot remove still 
more completely. Sterilization by radiation irradiation is carried out in many 
biodegradability polymers applied to current and biomedical materials. However, the 
class of biodegradability polymer in which radiation irradiation is possible is limited 
upwards, and a fixed fall on the strength is not avoided for decomposition by exposure. 
[0007] 

[Problem(s) to be Solved by the Invention] The molecular weight fall of the 
biodegradability polymer in the sterilization course by the heat history and radiation 
irradiation of thermoforming is controlled, and the controlled biodegradability polymer 
constituent is created. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, as a result of inquiring wholeheartedly, in this invention, it is adding a free 
radical scavenger to a biodegradability polymer, and the biodegradability polymer 
constituent hot forming and the weight-average-molecular-weight fall after carrying 
out radappertization excelled [ constituent ] in the pyrolysis nature controlled by 30% 
or less of the first stage is offered. 

[0009] The triallyl isocyanurate of the vitamin compound group or polyfunctional 
triazine compound which consists of the anti-oxidant group which consists of 
polyphenol, tannin, and a gallic acid, vitamin E, and vitamin C is contained in the free 
radical scavenger in this invention. By adding these free radical scavenger to a 
biodegradability polymer, the thermal resistance, mechanical property, and 
radiation-proof property of a polymer are improved. 

[0010] If a biodegradability polymer is heated by even the elevated temperature more 
than the melting point, a radical will generate it, and if oxygen exists in the ambient 
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atmosphere further, oxidative degradation will happen. Similarly, if the radiation of a 

high dose (2 - 3MRad) is irradiated, a radical will generate a biodegradability polymer in 

the chain of a polymer, a chain is cut, and molecular weight falls greatly. 

[0011] Here, it came to attain the purpose by adding the radical scavenger which 

supplements a biodegradability polymer with a radical beforehand for the purpose of 

the molecular-weight fall prevention by the radical generated with heating or a 

radiation. 

[0012] 0.01 - 10wt% of the addition to a free radical scavengers biodegradability 
polymer is desirable to a polymer 100, and is especially desirable. [ 0.01 - 2wt% of] If 
there are few these amounts than 0.01wt(s)% and the effectiveness of addition will 
exceed 10wt% remarkably, there will be no addition effectiveness to a polymer, or it 
will be prevented. 

[0013] The addition / mixing approach to a free radical scavenger's biodegradability 
polymer is not specified. For example, this mixture may be dried, after adding the 
addition of said range directly, adding and mixing and using this melt as mixture after 
dissolving in organic solvents, such as an acetone, at a biodegradability polymer, when 
adding vitamin E. Furthermore, in order to equalize addition and mixing, the complex 
which made inorganic substances, such as an apatite, a zeolite, or a titanium dioxide, 
stick to a biodegradability polymer may be made to form. 

[0014] As for the manufacture approach of the biodegradability polymer which added 
and mixed the free radical scavenger, the hot-forming approaches, such as extrusion 
molding of heating melt, injection molding, or press forming, are mentioned. There is 
little generation of a free radical and, as for the upper limit temperature of this hot 
forming, it is desirable to be manufactured on the conditions which are not higher than 
the melting point of a biodegradability polymer 50 degrees C or more. Although 
especially minimum temperature is not specified, its one higher than the softening 
temperature of a biodegradability polymer is desirable from a viewpoint of the ease of 
carrying out of processing. 

[0015] To the biodegradability polymer which added and mixed the free radical 
scavenger, radiations, such as a 60Co(es)-gamma ray, are usually irradiated by the 
approach, and it sterilizes. As for the dosage of a radiation, it is desirable to be 
irradiated and manufactured in the range of 1.0 to 3.0MRad(s). When there is less 
dosage than 1.0, the effectiveness of sterilization is scarce, and if [ than 3.0 ] more, 
the molecular weight fall of a polymer becomes large and is not desirable. Although the 
sequence of hot forming and the method of processing radappertization is not 
specified, it is more desirable to carry out hot forming from the ease of carrying out of 
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an activity, and to carry out radappertization subsequently here. 

[0016] Polyglycolic acid [ which generates a free radical during processing of hot 
forming and radappertization ], polylactic acid, and poly dioxa non, there are 
naturally-ocurring polymers and synthetic macromolecule in the biodegradability 
polymer in this invention, and gelatin, hyaluronic acid, a collagen, polyamino acid, the 
poly caprolactone, a lactic-acid-glycolic-acid copolymer, a lactic-acid-caprolactone 
copolymer, a glycolic-acid-caprolactone copolymer, polyhydroxy butyrate, a chitin, 
albumin, or chitosan is mentioned. Especially, the application to biomedical materials, 
an industrial ingredient, etc. is more desirable than the usefulness on industry. 
[0017] 

[Function] The biodegradability polymer constituent excellent in the heat-resistant 
resolvability and radiation resistance of this invention is widely applied to a general 
industrial product and a medical product. Furthermore, this processing approach is 
applied to thermoforming and the method of processing radappertization also in the 
field of non-biodegradability polymers, such as nylon and polypropylene. 
[0018] 

[Example] Although the following example explains this invention to a detail, the 
invention in this application is not restrained at all by the explanation. Moreover, the 
weight average molecular weight in an example adopted the value measured by 
Shimazu GPC. 

[0019] After [example 1] weight average molecular weight added vitamin E 
(tocopherol) 0.1% of the weight on the Polly L-lactide (PLLA) pellet of about 340,000, 
it fabricated with the injection molding machine (NS40-A) by NISSEI PLASTIC 
INDUSTRIAL CO., LTD. with a die length of 10cm phMOmm and in the shape of a rod. 
Although, as for the vitamin-E additive-free PLLA rod, after shaping and weight 
average molecular weight fell to about 180,000, the weight average molecular weight 
of an addition PLLA rod hardly fell by about 330,000. 

[0020] After [example 2] weight average molecular weight added vitamin E 0.1% of the 
weight on the PLLA pellet of about 280,000, spinning was carried out with the short 
form melt spinning machine. The molecular weight fall had little molecular weight 
behind spinning about 260,000. On the other hand, the molecular weight behind the 
spinning of a vitamin-E additive-free object is about 140,000, and was falling even to 
the abbreviation 1/2 of elegance at the beginning. 

[0021] [Example 3] weight average molecular weight created the processing sample 
which made the tannic acid (Wako Pure Chem make) of 10 weight sections stick to the 
PLLA pellet of about 280,000 per titanium-dioxide (Wako Pure Chem make) 100 
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weight section beforehand. Subsequently, 0.5% of the weight per amount of tannic 
acids of the processing sample was added on the PLLA pellet, and the PLLA rod was 
fabricated. Although, as for the tannic-acid additive-free PLLA rod, molecular weight 
fell to about 150,000, the addition PLLA rod had few falls of molecular weight about 
260,000. 

[0022] After [example 4] weight average molecular weight added vitamin E 0.2% of the 
weight to L-lactide / caprolactone copolymer of about 340,000 (75/25-mol%), spinning 
was carried out with the short form melt spinning machine. The molecular weight fall 
had little molecular weight behind spinning about 330,000. 

[0023] After packing the fiber after the melt spinning obtained in the [example 5] 
example 4 into the aluminum / polyethylene lamination bag which carried out the 
nitrogen purge, the 2.5MRad exposure of the radiation (60Co-gamma ray) was carried 
out The molecular weight after an exposure was about 300,000. 

[0024] After [example 6] weight average molecular weight added triallyl isocyanurate 
0.2% of the weight on the PLLA pellet of about 280,000, the phi2mm extrusion-molding 
object was obtained with the extruder. The molecular weight after shaping increased 
about 290,000 and a little. Furthermore, after carrying out the vacuum packing of this 
moldings, when the 60Co(es)-gamma ray of 2.0MRad was irradiated, the bridge 
formation object was acquired, and that mechanical property improved greatly. 
[0025] [Example 7] The processing sample to which the vitamin E of 1 weight section 
was made to stick per hydroxyapatite 100 weight section beforehand was created, and 
weight average molecular weight blended and carried out injection molding of the 
processing sample of 30 weight sections to the PLLA pellet of about 280,000 by 
apatite conversion to the PLLA100 weight section. The PLLA molecular weight of the 
obtained complex is about 330,000, and was hardly falling. Furthermore, hydrostatic 
extrusion of this complex was carried out, and it fabricated using the opportunity, and 
the complex which carried out molecular orientation was obtained, subsequently the 
2.5MRad exposure of the 60Co(es)-gamma ray was carried out, and PLLA and apatite 
complex were fabricated. The mechanical properties of this complex were high 
intensity and a rate of high elasticity, and molecular weight was about 300,000. 
[0026] 

[Effect of the Invention] By this invention, the molecular weight fall of the 
biodegradability polymer in the sterilization course by the heat history and radiation 
irradiation of thermoforming was controlled, and the controlled biodegradability 
polymer constituent has been created. Consequently, in the application product, for 
example, the suture for an operation, and bone bridging of a biodegradability polymer 
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with indispensable thermoforming process and sterilization course by radiation 
irradiation, maintenance of many mechanical physical properties based on a molecular 
weight fall was achieved, and the great improvement in the engine performance was 
found. Moreover, also in polymeric materials other than the biodegradability polymer 
which needs the sterilization course by the heat history and radiation irradiation of 
thermoforming, for example, the polyethylene for artificial joint slide members etc., fall 
prevention of molecular weight is achieved by using this approach. 
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